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Preface 


A  seismic  attenuation  and  air  overpressure  study  was  conducted  by  the 
Earthquake  Engineering  and  Geosciences  Division  (EEGD),  Geotechnical 
Laboratory  (GL),  U.  S.  Army  Engineer  Waterways  Experiment  Station 
(WES),  during  &e  period  24  August  through  5  Sq>temb^  1992.  The  study 
was  sponsored  by  the  Crane  Army  Ammunition  Activity  (CAAA),  of  the 
Naval  Surface  Warfare  Center  (NSWC)  in  Crane,  Indiana,  under  MIFR  No. 
RMB  92-749.  The  CAAA  Technical  Monitor  was  Mr.  Larry  Leonard.  The 
project  was  coordinated  with  personnel  from  the  Structures  Laboratory,  WES, 
before  field  testing  begart 

Field  tests  were  conducted  by  Mr.  Micfaad  Sharp  and  Ms.  Janet  Sirruns  of 
GL,  with  the  assistance  of  Messrs.  Tun  Pickens  and  David  Goodin  of  the  Instru- 
mentatioa  Services  Division,  WES.  Mr.  Pickens  and  Mr.  Goodin  were  re¬ 
sponsible  for  the  field  electronic  instrumentation  and  data  recovery.  Data 
processing  was  by  Dr.  Cary  Cox,  ISD.  Analysis  of  the  data  and  prqraration 
of  die  report  was  accompukied  by  Mr.  Sharp  and  Mr.  Simms.  Dr.  Mild  Deli¬ 
man  of  GL  was  instrumental  in  providing  technical  guidance  for  the  statistical 
analysis,  and  Mr.  Bill  Mut^iy  of  GL  provided  technical  guidance  for  the 
geologic  interpretation.  The  work  was  performed  under  die  direct  supervision 
of  Mr.  J.  R.  Curio,  Chief,  Engineering  Geqshysics  Branch,  EEGD,  cL,  and 
under  the  general  supervision  of  Dr.  A.  G.  Franklin,  Chief,  EEGD,  GL,  and 
Dr.  W.  F.  Maicuson  III,  Director,  GL.  The  tepoa  was  reviewed  by 
Dr.  Paul  F.  Hadala  and  Messrs.  Jose{di  R.  Curio  n  and  Donald  E.  Yule. 

At  the  time  of  publication  of  this  rqxirt.  Director  of  WES  was  Dr.  Robert 
W.  Whalin.  Corrunander  was  COL  Bium  K.  Howard,  EN. 
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Conversion  Factors, 

Non-SI  to  SI  Units  of  Measure¬ 
ment 


Non-SI  units  of  measurement  used  in  this  r^rt  can  be  converted  to  SI  units 
as  follows. 


Multiply 

■v 

To  Obtain 

Fahranhait  dagraat 

5/9 

Calaiua  dagraaa  or  Kalvirra' 

faat 

0.3049 

met«rs 

inehaa 

2.54 

eontimotara 

milaa  (US  atatuta) 

1.909347 

kHomatara 

pounda  (foroa) 

4.448222 

nowtorta 

pounda  (forea)  par  atpiara 
inch 

6.894757 

UlopaBcala 

*70  obtain  Calahia  (C)  tamporatura  raadinga  from  Fahratthait  (F)  raadinga,  uaa  tha  foSowing 
formula;  C  -  (5/9)(F-32).  To  obtain  Kalvin  (K)  raadinga,  uaa:  K  -  (5/9)(F-32)  +  273.15. 
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1  Introduction 


Background 

The  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  was 
requested  by  the  U.  S.  Army  Engineer  District,  Louisville  and  the  Crane  Ar¬ 
my  Ammunition  Activity  (CAAA)  of  the  Naval  Surface  Warfare  Center  (NS- 
WC),  Crane,  Indiana  (Figure  1)  to  conduct  a  blast  effects  study.  The  CAAA 
has  as  a  mission  the  responsibility  for  disposing  of  ammunition,  explosives 
and  other  dangerous  articles  by  detonation.  This  activity  is  conducted  at  a  site 
on  the  NSWC  facility  termed  the  demolition  grounds.  Personnel  at  the  demo¬ 
lition  grounds  detonate  this  material  on  a  daily  basis  as  site  conditions  (weath¬ 
er,  safety,  etc.)  dictate.  The  total  amount  of  material  disposed  of  on  a  typical 
day  is  approximately  1S,0(X)  pounds,  detonated  in  several  pits  each  containing 
less  than  500  lbs.  There  have  been  at  least  two  claims  by  private  individuals 
that  their  property  was  damaged  by  explosions  originating  at  the  NSWC.  The 
CAAA,  having  responsibility  for  diese  explosions,  was  interested  in 
determining  the  potential  for  ground  motions  or  air  blasts  to  produce  damage 
to  structures  located  off-base.  A  limited,  small  scale  study  (four  recording 
stations  located  at  the  North,  South,  East,  and  West  boundaries)  was 
performed  in  November  of  1971  by  Vibration  Measurement  Engineers,  Inc. 
The  CAAA  was  interested  in  having  a  more  detailed  analysis  performed, 
therefore  WES  was  asked  to  assist  in  determining  the  potential  for  sonic  or 
seismic  energy  to  produce  damage  to  structures  outside  the  boundary  of  the 
NSWC. 

Purpose 

The  purpose  of  the  study  was  twofold;  determine  the  attenuation  of  explo¬ 
sion  induced  ground  motions  and  air  overpressures  as  a  function  of  distance 
from  subsurface  detonated  charges,  and  to  develop  parameters  to  predict 
ground  particle  velocities  and  air  overpressures  at  distances  beyond  the  base 
boundary.  The  development  of  these  predicting  param^ers  would  then  allow 
the  CAAA  to  determine  the  particle  velocities  and  air  overpressures  that  could 
be  expected  at  any  distance  foom  a  particular  explosion,  lltese  data  would 
also  sdlow  the  determination  of  damage  potential  to  structures  located  on  or 
off  base  from  eidier  seismic  or  sonic  motions. 
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2  Site  Descriptions  and 
Sou:oe  Characteristics 


Regional  Geology 


The  Indiana  Dqtartment  of  Natural  Resources  (DNR)  prepared  a  report 
describing  the  Pennsylvanian  and  Mississippian  sedimentology  of  the  NSWC, 
Crane  (DNR,  1992).  The  discussion  of  the  geology  at  Crane  is  excerpted 
from  this  rqxirt.  The  NSWC  is  located  in  Martin,  Greene,  Daviess,  and 
Lawrence  Counties,  in  the  southwestern  part  of  the  state.  Martin  county  has  a 
total  area  of  217,888  acres,  or  about  340  square  miles.  The  county  lies  in  the 
hilly  part  of  Indiana  almost  entirely  within  Ae  Crawford  Upland,  the  most 
rugged  and  highly  dissected  part  of  Indiana.  The  streams  flow  southwesterly 
in  narrow,  deeply  entrenched,  meandering  channels.  The  East  Fork  of  the 
White  River,  flowing  about  250  feet  below  the  general  level  of  the  hilltops 
and  containing  Wisconsin-age  outwash,  drains  practically  all  of  the  county. 
Land  elevation  in  the  county  ranges  from  about  425  to  860  feet  above  sea 
level. 

The  NSWC  is  located  in  the  southeastern  portion  of  the  Illinois  Basin, 
which  is  a  large  cratonic  basin  that  began  forming  during  Cambrian  time 
(Klein  and  Hsui,  1988).  It  is  filled  by  a  sequence  of  Paleozoic  sediments  of 
which  the  youngest  preserved  are  of  Pennsylvanian  age  (320  to  286  Ma).  The 
Pennsylvanian  section  is  most  complete  in  the  southern  portion  of  the  basin 
where  it  reaches  a  maximum  thickness  of  approximately  3,000  feet  in  western 
Kentucky  (Wanless,  1975).  From  tho’e  the  Peimsylvanian  section  thins  to  the 
northeast  into  Indiana.  Crane  is  located  at  the  very  eastern  edge  of  Pennsylva¬ 
nian  sediments. 

The  stratigraphic  section  exposed  at  Crane  consists  of  bodi  Mississippian 
and  Pennsylvanian  sediments.  The  Mississippian  units  exposed  are  Chesterian 
in  age  and  consist  of  interbedded  shales,  limestones  and  sandstones  of  die  Blue 
River,  West  Baden,  Stephensport,  and  ^ffalo  Wallow  Groups.  The  top  of 
the  Mississippian  is  a  major  unconformity  surface  throughout  the  Illinois  Basin 
(Sdiloss,  1^3).  At  Crane,  Mississippian  rocks  form  a  low-angle  angular 
unconformity  wherein  successively  younger  Chesterian  rocks  outcrop  along 
drainages  or  subcrop  beneath  Pennsylvanian  cover  moving  from  east  to  west 
across  die  Activity.  Local  rdief  across  the  unconformity  at  Crane  is  hi^Iy 
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variable  but  rarely  exceeds  100  ft.  The  Pennsylvanian  section  at  Crane  con¬ 
sists  almost  exclusively  of  interbedded  sandstones,  siltstones,  shales,  coals, 
and  underclays  of  the  Mansfield  Formation,  although  a  small  interval  of  the 
Brazil  Formation  may  be  present  in  the  northwestern  portion  of  the  center. 

On  the  Activity,  Pennsylvanian  sediments  range  from  zero  up  to  300  ft  in 
thickness.  Thickness  variations  are  controlled  by  regional  dip,  local  relief  on 
the  Mississippian  surface,  and  erosion.  Sandstones,  siltstones,  and  coals  of 
the  Mansfield  Formation  tend  to  be  thin  and  stratigraphically  discontinuous. 
Although  some  sandstones  within  the  formation  can  correlated  laterally  for 
up  to  several  miles,  most  units  can  be  correlated  only  a  few  thousand  feet  and 
many  units  can  be  correlated  only  a  few  hundred  feet  before  pinching-out  into 
other  facies.  The  majority  of  the  shaley  intervals  are  also  discontinuous. 

A  series  of  approximately  60  coreholes  containing  anywhere  from  13  to 
246  ft  of  Pennsylvanian  section  were  obtained  by  WES  during  several  coring 
programs  conducted  over  the  last  eight  years.  The  three  sites  where  cores 
were  taken  consist  of  the  Rockeye,  Ammunition  Burning  Ground  (ABG),  and 
Demolition  Area  sites.  Three  regional  cross  sections  were  constructed  to 
stratigraphically  tie  the  Rockeye,  Demolition  Area,  and  ABG  sites  together. 
The  cross  sections  show  lateral  and  vertical  lithostratigr^hic  facies  relation¬ 
ships.  In  addition  to  the  WES  core  taken,  seven  additional  wells  (Indiana 
Geological  Survey  wells)  were  cored  connecting  these  three  sites  during  the 
fall  of  1991.  Figure  2  shows  the  location  of  the  three  cross  sections  and  the 
wells  used  in  constructing  them.  Figure  3  is  a  legend  showing  die  symbols 
used  in  the  construction  of  the  vertical  columnar  profiles  from  wdiich  the  cross 
sections  were  generated.  Cross  section  A-A’  (Figure  4)  is  a  northeast  to 
southwest  trending  cross  section  that  Hides  the  Rockeye  area  to  the  Demolition 
area.  Cross  section  B-B’  (Figure  S)  is  a  north  to  south  trending  cross  section 
that  links  Rockeye  to  the  ABG,  and  the  C-C’  cross  section  (Figure  6)  is  an 
east  to  west  trending  section  linking  the  ABG  to  the  Demolition  area. 

The  three  sections,  which  cover  most  of  the  northern  and  eastern  portions 
of  the  NSWC,  reveal  a  great  deal  of  information  about  the  regional  geology  of 
the  base.  The  overburden  tends  to  be  relatively  shallow,  ranging  from  ap¬ 
proximately  10  to  20  ft.  The  remainder  of  the  sections  reveal  intermittent 
layers  of  sandstones,  siltstones,  shales,  and  coal.  Therefore,  over  the  distanc¬ 
es  where  ground  motions  were  recorded  (up  to  22,000  ft)  the  waves  will  be 
travelling  through  the  deeper  rock  layers. 


Demolition  Area 

The  location  of  the  Demolition  Area  at  the  NSWC  is  shown  in  Figure  7. 
Four  Demolition  Area  cores  with  Pennsylvanian  section  were  available  for 
examination  but  only  two  cores  contain^  a  significant  Pennsylvanian  section. 
However,  these  cores  along  with  sevnal  shallow  cores  were  used  to  devdop  a 
cross  section  for  the  Demolition  Area.  Figure  8  shows  a  section  across  the 
Demolition  Area  looking  north  to  south  (the  section  runs  west  to  east).  The 
section  shows  that  the  thickness  of  overburden  overlying  die  Pennsylvanian 
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Figure  3.  Legend  showing  the  syobols  used  in  the  construction  of  the  vertical 
coluanar  profiles  on  the  cross  sections  (DNR,  1992) 
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rock  ranges  from  zero  to  only  a  few  feet.  The  actual  explosive  area 
encompasses  approximately  17  acres,  with  a  SOO  ft  radius  cleared  of  grass  and 
brush.  The  site  is  located  on  a  ridge  with  the  area  where  detonation  occurs 
lying  on  the  north  and  south  slopes.  Demolition  can  also  be  performed  on  the 
east  slope  of  the  ridge.  The  demolition  occurs  in  pits  that  are  aligned  in  rows 
on  each  slope  of  the  ridge  (Figure  9).  The  north  slope  has  three  rows  of  ten 
pits  each  and  the  south  slope  has  one  row  of  ten  pits  and  two  rows  of  five 
pits. 


Blast  Source  Characteristics 

The  demolition  range  disposes  of  many  different  types  of  material  diat  are 
subject  to  change  during  the  blasting  season  (the  range  disposes  of  material  8- 
9  months  of  the  year,  closing  down  during  the  winter).  In  addition  to  the 
material  being  disposed  of,  each  pit  has  some  type  of  initiator  to  insure  a  com¬ 
plete  explosion.  Complete  information  concerning  the  type  of  explosive  mate¬ 
rial  in  each  pit  is  recorded  for  each  sequence  of  shots.  For  the  period  of  this 
investigation,  the  primary  material  being  disposed  of  consisted  of  fuzes,  106 
mm  shells,  H-6  bombs,  20  mm  shells,  8  inch  and  5  indi  projectiles,  and  5 
inch  propellant  charges.  The  primary  initiators  were  TNT,  C3,  C4,  and  H-6. 
The  total  charge  rqmrted  per  pit  is  given  as  the  net  explosive  weight  (NEW), 
which  includes  the  explosive  material  being  disposed  of  and  the  initiator. 

Table  1  gives  a  listing  of  die  type  and  amount  of  charge  detonated  each  day. 


Table  1 

Type  and  Amount  of  Material  Detonated  Each  Day 


1  a«eerdbig  Oat* 

1  andRadial 

Malarial  Datonatad 

Nat  Espieaisa 

28  Auguft.  HAOr, 

34  pit*  fuiss  a  TNT 

370 

8  pits  106  mm  &  C3 

440 

3  pit*  H-e  bomb*  a  C4 

445 

29  August,  N40^ 

29  pits  bliss  a  TNT 

370 

14  pits  106  mm  a  C3 

440 

1  pit  6  inch  projaetHas  a  TNT 

300 

1  pit20mmaTNT 

460 

31  August,  N40*E 

30  pit*  fuaa*  a  TNT 

370 

1  Sapt,  S40*W 

31  pits  fuia*  a  TNT 

370 

1  pit  fuias  a  H-6 

422 

13  pits  106  mm  a  C3 

440 

12 


Table  1 

Raeording  DaM 

Material  Detonated 

Nat  Expleaive 

3  Sept.  S40*W 

33  pits  fuzea  &  TNT 

370 

1  pit  futee  &  H-6 

422 

I 

1  pit  8  inch  propellanta  &  C3 

441 

2  pita  5  inch  propellanti  & 

TNT 

- 

1  pit  8  inch  projectilae  &  C3 

44S 

7  pita  106  mm  &  C3 

^ _ 1 

The  blasting  operations  consist  of  digging  pits,  unpacking  the  demolition 
material,  repacking  into  appropriate  containers,  adding  initiating  explosives, 
setting  up  the  firing  system,  donating  the  material,  inspecting  the  demo 
range,  a^  rqieating  Ae  sequence  for  the  next  set  of  shots.  The  pits  are  typi¬ 
cally  dug  to  a  depth  of  8-10  ft  and  backfilled  S-6  ft  above  the  ground  surface 
before  detonation.  Each  pit  is  allowed  a  maximum  quantity  of  explosives  of 
SOO  lbs,  and  the  total  explosive  weight  permitted  on  the  demolition  grounds  is 
35,000  lbs. 
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3  Test  Methodology 


General 

Explosion  generated  waves  can  be  divided  into  three  main  categories; 
compressive  (P),  shear  (S),  and  surface  as  shown  in  Figure  10.  These  three 
main  wave  types  can  be  divided  into  two  varieties;  body  waves  which  propa¬ 
gate  through  the  body  of  the  rock  and  soil,  and  surface  waves  which  are 
transmitted  along  a  surface  (usually  the  ground  surface).  Body  waves  are  the 
sound-like  P  waves  and  the  distortional  S  waves,  while  the  most  important 
surface  waves  are  the  Rayleigh  (R)  waves.  Explosions  produce  predominantly 
body  waves  at  small  distances  which  propagate  outward  in  a  spherical  manner 
until  they  intersect  a  boundary  such  as  another  rock  layer,  soil,  or  the  ground 
surface.  At  this  intersection,  shear  and  surface  waves  are  produced.  At 
larger  transmission  distances,  the  R  waves  become  important.  All  three  wave 
types  arrive  together  at  small  distances  but  begin  to  separate  at  larger  distanc¬ 
es  as  shown  in  Figure  10.  The  three  wave  types  produce  radically  different 
patterns  of  motion  in  soil  and  rock  particles  as  they  pass.  The  P  wave  pro¬ 
duces  particle  motions  in  the  same  direction  as  it  is  propagating,  the  S  wave 
produces  motions  perpendicular  to  its  direction  of  propagation,  and  the  R 
wave  produces  motions  both  in  the  vertical  direction  and  parallel  to  its  direc¬ 
tion  of  propagation.  To  define  the  motion,  three  mutually  perpendicular 
components  are  measured  (vertical,  radial,  and  transverse).  No  one  of  these 
perpendicular  components  always  dominates  in  blasting,  and  the  peak  compo¬ 
nent  varies  with  each  blasting  sequence. 

A  typical  velocity  time  history  is  shown  in  Figure  11.  The  most 
important  parameters  that  describe  the  time  history  are  peak  amplitude, 
principal  period  (1 /principal  frequency),  and  duration  of  the  vibration.  All 
these  parameters  are  dependent  on  the  blast  and  the  transmission  medium. 

Scaling  of  distance  is  necessary  to  predict  peak  particle  velocities  when 
both  the  diarge  weight  (W),  and  the  distance  or  range  (R),  vary.  The  two 
most  popular  apptoaches  are  square  root,  R/W'*,  scaling  and  cube  root, 

R/W**,  scaling.  Square  root  string,  plotting  peak  particle  velocity  or  air 
overpressure  as  a  fiinction  of  the  distance  divided  by  the  square  toot  of  the 
charge  weight,  is  more  traditional  than  cube  root  scaling.  Typically,  for 
close-in  measurements  (closer  than  6  meters)  cube  root  scaling  is  more 
conservative,  and  for  far-out  measurements  (beyond  31  meters)  square  root 
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Figure  10.  Generalized  tiae  histories  showing  conpresslve  (P),  shear  (S),  and 
surface  (Rayleigh  (R)}  waves  as  a  function  of  tine  (Dowdlng,  1985) 


Figure  11.  Typical  time  histories  showing  peak  amplitude,  principal  period, 
and  duration  (Dowdlng,  1985) 


scaling  is  more  conservative.  Also,  scaling  relationships  are  the  most  accurate 
when  they  are  derived  from  similar  W  and  R  values  and  not  similar  ratios  of 
R/W*. 

Air  blasts  are  the  air  pressure  waves  generated  by  explosions.  Just  as 
with  ground  vibrations,  these  pressure  waves  can  be  described  with  time 
histories  where  the  amplitude  is  air  pressure  instead  of  particle  velocity.  The 
higher-frequency  portion  of  the  pressure  wave  is  audible  and  is  the  sound  that 
accompanies  a  blast;  the  lower-frequency  portion  is  not  audible  but  excites 
structures  and  in  turn  causes  a  secondary  and  audible  rattle  within  a  structure. 
Air  blasts  are  of  interest  for  three  reasons.  First,  by  themselves  or  in  combi¬ 
nation  with  ground  motions,  they  can  produce  structural  motions  that  create 
cracks.  Second  they  may  crack  windows,  although  the  air  blast  would  have  to 
be  unusually  high  (0.1  psi  or  150  Db).  The  third  reason  being  that  most 
humans  have  adverse  reactions  to  loud  noises,  and  perceive  that  damage  is 
resulting.  Sound  is  rqrarted  in  two  different  units  of  measurement,  pressure 
(psi)  or  decibels  (dB).  When  pressure  units  are  rqwrted  they  are  often  called 
overpressures  to  indicate  that  Ae  measured  pressure  is  that  alK>ve  atmosphere. 

Instrumentation 

Each  measurement  station  consisted  of  four  data  channels;  diree  seismic 
monitoring  channels  and  one  air  overpressure  monitoring  channd.  The  nusa- 
surement  stations  were  a  triaxial  array  of  calibrated  L4-3D  geo(diones  (veloci¬ 
ty  transducers  manufactured  by  Mark  Products  Inc.,  Houston,  Tx)  oriemed  to 
detect  the  vertical,  radial,  and  transverse  components  of  the  ground  motion 
(Figure  12)  and  a  microbatograph  (air  pressure  transducer)  to  detect  air 
overpressure.  The  microbarographs  are  composed  of  pressure  cdl  transducers 
(manufactured  by  Valydine)  and  WES  built  amplifiers.  The  geophones  bad  a 
natural  frequency  of  1.0  Hz  and  sensitivities  of  3.07-4.55  volts/in/sec  (v/ips) 
depending  on  the  particular  geophone.  The  microbarographs  had  a  frequency 
response  from  0  to  1000  Hz  and  a  sensitivity  of  10.0  -  45.0  volts/lb/in^  (v/p- 
si).  Instrument  sensitivities  and  frequency  responses  are  given  in  Table  2  for 
each  station.  All  geophones  and  microbarographs  were  calibrated  before 
being  utilized  in  the  field.  The  geophones  were  calibrated  on  a  shaker  table  to 
determine  die  frequency  response.  The  microbarognqihs  were  tested  using  a 
standard  water  column  calibration  scheme.  The  data  acquisition  instrumenta¬ 
tion  consisted  of  multi-channel  FM  tape  recorders  (TEAC  R41  and  R71), 
oscillograph,  and  WES  developed  amplifiers,  all  of  whidi  were  battery 
tolerated.  >U1  data  were  recorded  on  tape  and  an  immediate  data  play^k  was 
obtained  from  the  oscillognqih  to  insure  dau  quality  and  enable  determination 
of  recorded  signal  levels. 


GEOPHONE  ORIENTATION 
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Figure  12,  Diagram  of  geophone  ahowing  vertical,  radial,  and  tranaverae 
recording  directions 


Table  2 

Transducer  and  Microbarograph  Characteristics 


1  Sensor  |  Somhivity 

Fraquancy 
Raaponaa.  Hi 

Gaophona  #507 

Vartioal 

3.510  v/ipa 

1.0  natural 

Radial 

3.822  vApa 

1 .0  natural 

Tranavaraa 

3.851  v/ipa 

1.0  natural 

Gaophona  #508 

Vartioal 

3.455  v/ipa 

1.0  itatural 

Radial 

3.826  v/ipa 

1 .0  natural 

Tranavaraa 

3.937  v/ipa 

1.0  natural 

Gaophona  #511 

Vartioal 

4.552  vApa 

1 .0  natural 

Radial 

4.243  vApa 

1 .0  natural 

Tranavaraa 

4.128  vApa 

1 .0  natural 

Gaophona  #517 

Vartioal 

3.046  vApa 

1 .0  natural 

Radial 

4.070  vApa 

1.0  natural 

TrarMvaraa 

4.220  vApa 

1.0  natural 

Gaophona  #518 

Vartioal 

2.799  vApa 

1 .0  natural 

Radial 

2.708  vApa 

1 .0  natural 

Tranavaraa 

2.716  vApa 

1 .0  natural 

j^Acrobarograph^ 

18321 

39.612  v/bai 

0-  1000 

Merobarograph  #48332 

40.328  v/pai 

0-1000 

Mcrobarograph  #72383 

9.861  v/pai 

0-1000 

Mcrobarograph  #72384 

46.115  v/pai 

0-1000 

Mcrobarograph  #72388 

39.721  v/bai 

0-1000 

Test  Layout  and  Procedure 

The  actual  test  program  consisted  of  recording  data  on  consecutive  days 
under  varying  blasting  and  weather  conditions,  and  along  two  sq>arate  radials 
(Figure  13).  The  recording  days  were  from  26  August  through  3  SqMember 
1992.  The  data  recorded  on  26  August  served  to  calibrate  tire  instrumentation 
for  die  conditions  at  the  site  and  is  therefore  not  presented  in  die  results.  No 
data  was  recorded  on  27  August  or  2  Septendier  due  to  poor  weather 
conditions  (rain),  postponing  any  blasting  activity.  Also,  no  data  are 
presented  for  30  AugiM  due  to  damaged  eqaipment  and  equipment  foilure. 
The  two  radials  selected  were  based  on  coirmsations  widi  CAAA  personnel. 
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Figure  13.  Vicinity  aap  showing  the  two  redial  directions  in  which  data 
were  recorded 


and  have  bearings  N40*E  and  S40“W.  Each  day’s  recording  consisted  of 
either  four  or  five  stations  placed  at  varying  distances  from  the  blast  source. 
Table  3  contains  information  about  the  number  of  recording  stations,  locations 
for  each  days  testing,  and  the  pertinent  weather  information.  The  locations 
listed  in  Table  3  are  nominal  distances  from  the  blasting  area  to  the  recording 
stations,  the  exact  distances  from  each  blasting  pit  to  each  recording  station 
are  presented  in  Appendix  A. 


1  Table  3  | 

I  Nominal  Locations  of  Recording  Stations  and  1 

II  Weather  Information  for  Each  Day  | 

1  fUeordkig  Data 

1  and  Radial 

Nomlnai  Station 
toeaUona,  ft 

W«ftth«r  InfertiM- 
tton 

B  28  Auguat,  N40*E 

soo 

Tamp  69* 

Humidity  63% 

Wind  N  9  mph 
Baromatar  29.98 
Partlv  Cloudy  | 

Cailing  2500  ft  B 

5800 

10,000 

fl  29  Auguat,  N40^ 

600 

Tamp  73*  B 

Humidity  57% 

Wind  S  9  mph 
Baromatar  30.11 

aaar 

Cailing  Untimitad 

1000 

5800 

B  31  Auguat,  N40*E 

500 

Tamp  71* 

Humidity  57% 

Wind  W  5  mph 
Baromatar  30.20 
Partly  Qoudy 

Cailing  3000  ft 

750 

1000 

1450 

5800 

1  Sapt,  S40*W 

500 

Tamp  73* 

Humidity  62% 

Wind  SE  7  mph 
Baromatar  30.20 
Hazy 

Cailing  5000  ft 

2900 

5800 

10,800 

22,000 

3  Sapt,  S40*W 

250 

TampTr 

Humidity  74% 

Wind  W  6  mph 
Baromatar  30.08 
Parity  Cloudy 

Cailing  1500  ft 

600 

760 

2900 
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To  record  the  data,  each  day  the  instrumentation  was  first  checked  to  veri¬ 
fy  that  it  was  functioning  properly,  then  each  station  was  up  at  the  selected 
location  to  record  the  vertical,  radial,  and  transverse  ground  motions  in  addi¬ 
tion  to  the  air  overpressure.  The  geophones  were  buried  flush  with  the 
ground  surface  to  reduce  the  amount  of  extraneous  noise.  The  microbarogr- 
i^hs  were  placed  on  a  flat  stable  surface  approximately  1  ft  above  the  ground 
surface,  llie  instrumentation  was  zeroed,  (Vibrated,  and  readied  for  the  bla¬ 
sting  sequence.  One  person  was  left  at  each  station  to  initiate  the  recording, 
and  monitor  any  unusual  occurrences  that  might  occur.  The  recorders  lying 
outside  a  3000  ft  radius  (safe  distance  secured  before  each  shot)  were  typically 
started  2-3  minutes  before  the  blasting  began,  and  would  record  approximately 
20  minutes  worth  of  data.  The  records  lying  inside  a  3000  ft  radius  were 
t3rpically  started  12-lS  minutes  before  blasting  began.  After  the  shots  were 
completed,  all  instrumentation  was  picked  up  and  returned  to  a  central  point 
for  data  verification,  and  to  ready  for  the  next  days  activity.  A  log  was  made 
of  each  days  shots  which  records  the  type  and  amount  of  material  in  each  pit, 
start  and  completion  time  of  blasting,  and  pertinent  weather  information.  The 
weather  information  includes  temperature,  ceiling,  wind  speed  and  direction, 
humidity,  and  barometric  pressure. 


4  Results  and  Analysis 


Data  Processing  and  Presentation 

The  calibrated  field  data  were  recorded  analog  and  unfiltered.  A  gain  was 
employed  on  the  far  stations  (5000  ft  and  greater)  to  enhance  the  signal  detec¬ 
tion.  The  data  were  then  digitized  (512  samples/second),  stored  in  files  on  a 
computer,  and  processed  using  a  program  that  allows  data  inspection  and 
calculation.  The  calculations  determine  maximum  peak  particle  velocities 
(PPV)  and  peak  air  overpressures  (PAO)  for  eadi  seismic  and  acoustic  data 
set.  The  data  were  then  displayed  in  the  form  of  amplitude  versus  time  plots 
(time  histories).  Due  to  the  large  amounts  of  data  obtained  (3,084  time  histo¬ 
ries),  it  is  not  possible  to  show  a  time  history  plot  for  every  piece  of  data 
collected.  Rather,  a  rqiresentative  sample  of  the  data  has  been  selected  and 
the  time  histories  are  presented.  Appendix  B  contains  the  rqiresentative  time 
histories  for  data  colleaed  at  the  NSWC. 

Development  of  Attenuation  Relationships 

The  maximum  unfiltered  peak  particle  velocity  detected  by  each  geophone 
at  each  station  from  each  test  is  ^own  in  Appendix  A.  These  velocities  were 
plotted  versus  scaled  range,  both  square  and  cubic.  This  type  of  plot  is  the 
conventional  way  of  representing  the  attenuation  of  ground  motions  from 
surface  or  sub-suiface  charges.  These  sets  of  data  were  then  statistically 
analyzed  using  simple  regression  to  determine  the  best  fit  ground  motion 
attenuation  curves.  These  curves  represent  die  average  expeaed  value  predic¬ 
tions,  but  do  not  account  for  data  scatter.  The  assumed  mathematical  n^el 
is: 


PPV  =  C,(R/W=*)°  EQN  1 

PPV  -  peak  particle  velocity,  ips 
C2  -  sciding  constant  equal  to  1/2  or  1/3 
R  -  distance  firom  source  in  feet 
W  -  charge  size  in  pounds 

Cl  &  C3  -  constants  determined  from  regression  analysis 
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The  results  of  the  regression  analysis  along  with  the  plotted  data  are  pre¬ 
sented  in  Appendix  C.  The  plots  consist  of  square  and  cubic  scaling  of: 

-  vertical  motions  for  each  day 

-  radial  motions  for  each  day 

-  transverse  motions  for  each  day 

-  air  overpressures  for  each  day 

-  vertical  motions  for  radial  N40‘E,  days  28,  29,  31  August  combined 

-  radial  motions  for  radial  N40*E,  days  28,  29,  31  August  combined 

-  transverse  motions  for  radial  N40*E,  days  28,  29,  31  August  combined 

-  vertical  motions  for  radial  S40*W,  days  1,  3  September  combined 

-  radial  motions  for  radial  S40*W,  days  1,  3  September  combined 

-  transverse  motions  for  radial  S40‘W,  days  1,  3  S^tember  combined. 

The  results  of  the  air  overpressure  measurements  detected  by  each  microb¬ 
arograph  at  each  station  for  each  test  are  shown  in  Appendix  A,  with  r^re- 
sentative  time  histories  shown  in  Appendix  B.  These  set  of  data  were  also 
statistically  analyzed  using  simple  regression  to  determine  the  best  fit  curves, 
which  rq)resent  the  average  expected  values  but  do  not  account  for  data  scat¬ 
ter.  The  plots  are  shown  in  Appendix  C,  with  air  overpressures  versus  cubic 
scaling,  (air  overpressure  plots  are  generally  not  shown  as  a  function  of 
square  scaling).  The  assumed  mathematical  model  is: 

PAO  =  CICR/W*^)®  EQN  2 

PAO  -  peak  air  overpressure,  psi 
C2  •  scaling  constant  equal  to  1/3 
R  -  distance  from  source  in  feet 
W  -  charge  size  in  pounds 

Cl  &  C3  •  constants  determined  from  regression  analysis 

Analysis  of  Data  Variance 

Collection  of  scaled  distance  for  determination  of  attenuation  relationships 
for  particle  velocity  will  result  in  a  good  deal  of  scatter  about  the  mean  line 
(median  line  for  log-log  rdation^ips).  Because  of  this  scatter,  most 
regulations  require  that  blasts  be  designed  on  the  basis  of  maximum  probable 
velocities  rather  than  average  values.  Many  factors  are  responsible  for  the 
variation  of  particle  velocities  at  a  given  scaled  distance.  They  include 
changes  of  geological  conditions,  differences  between  types  of  explosives, 
different  wave  types,  differences  in  the  geometry  of  the  explosions,  as  well  as 
errors  in  blast  timing  and  measurement.  The  same  foctors,  with  the  excqjtion 
of  geology,  are  responsible  for  the  variation  of  air  overpressure.  Since 
overpressures  are  transmitted  through  air,  weather  conditions  replace  geology 
as  a  principal  variable.  Therefore,  for  the  final  analysis  the  data  were  also 
fitted  with  an  equation  rq)resaiting  the  bound  below  which  fill  95%  of  the 
data. 

The  data  plots  and  corresponding  average  (50%)  predictive  equations  as 
presented  in  Appendix  C,  have  been  evaluated  and  grouped  into  a  final  set  of 


2° 


plots  and  equations  to  help  characterize  the  entire  site.  The  average  or  50% 
lines  were  determined  from  regression  analysis  (Power  method)  of  the  log 
normally  distributed  data.  Also  shown  on  these  plots  are  the  95%  non-excee- 
dance  equations.  These  equations  were  determined  by  converting  the  data  into 
logarithmic  (base  10)  values  and  running  regression  analysis  (linear)  of  the 
transformed  data.  From  the  regression  analysis,  the  standard  error  of  the  y 
estimate  is  obtained  which  can  be  used  to  determine  the  values  on  the  95% 
non-exceedance  line.  These  values  are  dttermined  by  the  following  formula: 
y«»  =  yso*  *  1.645  *  Tjjg  955J  non-exceedance  line 

is  presented  so  that  predictions  of  ground  motions  or  air  overpressures  can  be 
made  with  a  95%  confidence  that  die  values  will  not  be  exceeded.  This  also 
implies  however,  that  5%  of  the  time  the  predicted  values  will  be  exceeded. 

Monitoring  Resuits 


The  predominant  motions  at  the  site  were  recorded  by  the  vertical  and 
radial  components  of  the  geophones.  Therefore,  die  data  recorded  by  the 
transverse  component  is  not  considered  in  this  analysis.  Also,  the  air  overpre¬ 
ssures  recorded  were  small  and  will  be  discussed  separately.  The  final  analy¬ 
sis  plots  are  presented  in  Figures  14-20. 

Vertical  Motions 

Figures  14  and  15  are  the  vertical  motions  from  all  the  data  recorded  at 
the  NSWC  regardless  of  line  direction  (N40*E  or  S4(rW)  or  the  day  (28,  29, 
31  August,  1,  3  September).  Figure  14  is  the  square  scied  range,  and  Figure 
15  is  the  cubic  scaled  range  data.  In  general,  the  data  are  well  bdiaved 
excqit  for  that  located  at  an  approximate  scaled  range  of  1000  ft  in  Figure  14 
and  3000  ft  in  Figure  15.  The  PPV’s  recorded  at  this  location  appear  to  be 
slightly  less  than  would  be  predicted  by  the  best  fit  line  (all  the  points  fall 
below  the  line).  This  could  be  a  result  of  the  station  recording  different  wave 
forms  (traveling  at  a  slower  velocity)  than  the  wave  forms  being  recorded  by 
the  closer  stations.  It  could  also  be  an  indication  that  the  particular  area 
where  the  station  was  located  has  a  larger  attenuation  ther^y  reducing  the 
amount  of  energy  reaching  the  geophone.  Lastly,  the  slower  PPV’s  could  be 
due  to  the  frequency  content  of  the  motions,  since  the  frequency  tends  to 
lower  as  the  distance  from  source  increases. 

Radial  Motions 

Figures  16  and  17  (square  and  cubic  scaling  respectively)  are  the  radial 
motions  from  all  the  data  recorded  at  the  NSWC  regardless  of  line  direction 
or  tile  day  recorded.  Here  again,  the  dau  located  at  KXX)  ft  in  Figure  16  and 
3(XX)  ft  in  Figure  17  appears  to  be  lower  than  expected.  The  reasons  for  this 
would  be  the  same  as  discussed  in  the  above  paragrqih. 
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All  Vertical  Data  Recorded  at  NSWC 


All  data  recorded  in  the  vertical  direc'tlon  from  source  at  the 
NSUC,  versus  cube  root  scaling 


All  Radial  Data  Recorded  at  NSWC 


NSUC,  versus  square  root  scaling 


All  Radial  Data  Recorded  at  NSWC 


Figure  17.  All  data  recorded  In  the  radial  direction  from  source  at  the 
NStfC,  versus  cube  root  scaling 


Air  Overpressures 

Figure  18  shows  the  air  overpressures  recorded  at  the  NSWC  regardless 
of  line  direction  or  day  recorded.  On  this  plot,  two  sets  of  data  located  at  an 
approximate  scaled  range  of  ISOO  ft  appear  to  be  inconsistent  with  the  other 
data.  Since  the  air  overpressure  data  is  influenced  by  weather  rather  than 
geology,  this  must  be  having  an  influence  on  die  results  at  diis  station.  The 
data  having  the  high  values  (0.001  to  0.01  ips)  were  recorded  when  the  ceiling 
was  2500  ft  and  the  skies  were  pardy  cloudy.  The  data  having  die  low  values 
(0.00001  to  0.0001)  were  recorded  when  the  ceiling  was  5000  ft  and  die  skies 
were  clear.  The  low  ceiling  and  cloudy  conditions  could  account  for  the 
increased  PAO’s  recorded  for  that  particular  day. 

Maximum  Motions 

Since  both  the  vertical  and  radial  motions  are  predominating  at  the  site. 
Figures  19  and  20  wo-e  prqiared  by  plotting  the  maximum  of  the  two  (for 
every  shot,  every  day)  versus  scaled  range.  Figure  19  shows  the  square 
scal^  range,  and  Figure  20  the  cubic  scaled  range.  The  regression  analysis 
from  diis  plot  produces  a  predictive  equation  based  on  the  maximum  peak 
particle  velocities  recorded  at  the  site.  As  shown  in  Figures  14  dirough  17, 
die  values  at  the  largest  scaled  range  appear  to  be  inconsistent  widi  the  odier 
data,  this  has  been  explained  previously. 

Extrapolation  of  Motions  Off-Site 

Since  no  data  were  actually  recorded  off-site,  it  is  necessary  to  perform  an 
extr^lation  of  the  recorded  data  to  make  an  estimate  of  PPV  and  PAO  levels 
at  locations  off-site.  The  predominant  ftunors  that  would  effect  utilizing  die 
equations  obtained  from  the  regression  analysis  for  off-site  predictions  would 
be  die  geology,  and  the  weather.  From  the  discussion  of  die  r^onal  geolo¬ 
gy,  diere  does  not  appear  to  be  any  dramatic  changes  in  die  material  in  whidi 
the  ground  motions  will  be  travelling  across  the  site.  Also,  diere  is  no  indica¬ 
tion  that  the  motions  are  being  amplified,  rather  the  contrary,  as  they  travel 
across  die  site.  The  weather  conditions  at  the  time  of  blasting  can  have  a 
profound  effea  on  die  resulting  air  overpressures.  The  amount  of  cloud 
cover,  location  of  the  ceiling,  wind  vdocity,  and  wind  direction  all  have  a 
large  effect  on  recorded  motions.  However,  since  data  were  recorded  under  a 
variety  of  weather  conditions  this  factor  should  be  accounted  for  in  the  predic¬ 
tive  equations  determined.  Therefore,  the  following  equations  are  presented 
to  predict  motions  off-site. 
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All  Air  Overpressure  Data  Recorded  at  NSWC 


Figure  18.  All  air  overpressure  data  recorded  at  the  NSUC,  versus  cube 
root  scaling 
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Figure  19.  Maximum  velocities  recorded,  regardless  of  orientation,  versus 
square  root  scaling 


Peak  Particle  Velocity  Regardless  of  Direction  for  NSWC 


Figure  20.  Hexlffluia  velocities  recorded,  regardless  of  orientation,  versus 
cube  root  scaling 


Ground  motion  predictions: 
Average 


y».  =  33.88  (x-'-«) 

less  conservative 

EQN  3 

y^=  8.16  (x-‘  «) 

most  conservative 

EQN  4 

y  -  peak  particle  velocity,  ips 
X  -  scaled  range,  ft 

distance  from  shot  divided  by  square  root  of  shot  weight  ft)r  4 
distance  from  shot  divided  by  cubic  root  of  shot  weight  ft>r  3 

95%  Non-exceedance 

y„,  =  118.37  (  x’***  )  less  conservative  EQN  5 

y«5»  =  28.69  (  x‘‘-^  )  most  conservative  EQN  6 

y  -  peak  particle  velocity,  ips 
X  -  scaled  range,  ft 

distance  from  shot  divided  by  square  root  of  shot  weight  for  6 
distance  from  shot  divided  by  cubic  root  of  shot  weight  for  5 

Air  ovOTt«8iitfi  padistwns: 

Average 

y«,  =  11.28  (x-‘-»‘)  EQN  7 


y  -  peak  air  overpressure,  psi 
X  •  scaled  range,  ft 

distance  from  shot  divided  by  cubic  root  of  shot  weight 
95%  Non-exceedance 

y„,  =  65.74  (x  ‘^‘)  EQN  8 

y  -  peak  particle  velocity,  ips 
X  •  scaled  range,  ft 

distance  from  shot  divided  by  cubic  root  of  shot  weight 


For  die  ground  motion  equations,  the  reference  to  bmng  more  or  less 
conservative  refers  to  how  large  a  motion  the  equation  predicts  (larger  mo¬ 
tions  in  diis  case  are  more  conservadve).  Equations  based  on  a  square  scaled 
range  will  predict  larger  ground  motions  than  equations  based  on  a  cubic 
scaled  range.  In  all  cases,  equations  6  and  8  should  be  used  to  predict  ground 
motions  and  air  overpressures  reflectively.  These  eolations  will  give  the 
most  conservative  |»^ictions,  and  have  95%  confidence  that  the  predictions 
will  not  exceed  die  limiting  criteria.  Equation  6  fbr  ground  motion 
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predictions  is  also  shown  in  Figure  21.  This  Figure  is  an  isodiametric  plot 
with  concentric  circles  rq)resenting  distances  from  the  explosive  source  and 
95%  non  exceedance  predicted  PPV’s.  The  PPV's  wwe  determined  from 
equation  6  by  holding  the  shot  weight  constant  in  all  cases.  This  value  was 
set  at  500  lbs  since  this  is  the  maximum  charge  weight  pomitted  per  blasting 
pit,  and  would  therefore  constitute  a  worse  case  condition.  Howevo;,  the 
values  for  PPV’s  rqmrted  on  diis  Figure  will  change  if  a  differoit  shot  weight 
is  selected  for  the  corresponding  distances.  Equation  6  should  be  consulted 
for  the  proper  PPV  associated  with  any  given  distance  and  shot  weight. 

Blast  Safaty  Criteria  and  Analysis 

The  next  phase  in  the  analysis  is  to  compare  the  velocities  and  air  overpr¬ 
essures  obtained  at  the  site  to  foe  safe  limiting  criteria  established.  The  firtt 
criteria  checked  was  established  for  structures  located  between  300  and  5000 
ft  from  a  blast  by  foe  U.  S.  D^artment  of  Interior  Office  of  Surface  Mines 
Reclamation  and  Enforcement  30  CFR  Part  715,  effective  April  7,  1992  (see 
Figures  22  and  23).  These  criteria  allow  for  peak  particle  vdocities  of  1.0  ips 
(allowable  vibration  limits)  and  peak  air  overpressures  of  O.OIS  psi  (allowable 
air  blast  limit).  These  criteria  are  based  on  open  coal  mine  blas^  which 
utilizes  very  large  shots  and  many  ddays.  From  Figure  24,  it  is  clear  that 
most  of  foe  energy  of  a  coal  mme  blast  is  in  foe  low  frequency  range  of  5  -  25 
Hz.  Quarry  blasting  is  in  foe  range  of  10  -  35  Hz,  and  construction  blasting 
in  foe  range  of  15  -  60  Hz.  The  safe  limiting  criteria  are  based  on  surface 
coal  mine  blasting  because  foe  lower  frequency  motions  produce  mudi  more 
structural  damage  than  do  foe  higher  frequency  motions.  The  blasting  that 
occurs  at  foe  NSWC  is  very  similar  to  quarry  or  construction  blasting  whidhi 
utilizes  smaller  shots  and  produces  more  hi^  frequency  motions.  Therefore, 
foe  predictions  of  safety  based  on  coal  mine  blasting  criteria  would  be  even 
more  safe  for  quarry  or  construction  type  blasting.  All  of  foe  data  recorded  at 
foe  site,  are  wdl  bdow  these  crheria. 

A  second  method  to  establidi  safe  limiting  criteria  has  been  devdoped  by 
foe  Dqrartment  of  foe  Interior,  Office  of  Surf^e  Mining  (OSM)  Redamation 
and  Ei^cement.  ’These  rules  and  r^ulations  are  established  in  30  CFR 
Parts  715,  780,  816,  and  817.  The  new  dtemative  blasting  criteria  is  based 
on  foe  partide  vdocity  in  ips  versus  foe  frequency  in  Hz  as  shown  in  Figure 
25.  Once  foe  time  history  from  a  ground  vibration  monitoring  station  has 
been  recorded,  foe  q>ectral  content  can  be  found  by  calculating  power  q>ectral 
densities  (PSD)  from  udiich  peak  frequencies  can  determined.  These  peak 
frequences  are  used  in  Figure  25  to  determine  safe  partide  vdocities.  For 
fre^endes  up  to  4  Hz,  a  constant  maximum  displacement  amplitude  of  0.30 
inch  will  be  allowed.  Over  this  frequency  range  foe  maximum  allowable 
partide  velocity  increases  from  0.19  ips  to  0.75  ips.  At  frequendes  of  4 
ditou^  11  Hz  a  constant  allowaUe  partide  vdo^  of  0.75  ^  is  set.  The 
ftmdamental  modes  of  most  tme  story  residential  buildings  lie  in  this  range. 
Over  the  frequency  range  of  11  forou^  30  Hz,  a  constant  amplitude  of 
0.0107  indi  ii  allowed.  This  corrdates  to  maximum  partide  vdocities  of 
0.75  ips  to  2.0  ips.  Above  30  Hz,  a  comtant  peak  pvtkle  vdocity  of  2.0  ips 
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Flgur*  21.  IsodluMtrle  plot  of  PFV’s 
dlstoncos  and  a  conatant  a' 


Mftr  aKAa.iiin<cini.iwi— iciir-ufi 
IHMS  tmtem  mTR) 

«mMC  UCVATIOM  IMreCT 
UUraM-Utt  A.  «  (MM  M.M> 


LM»UiM»  FMM  Mirr  srcMnucr 


CAftMtMrs  Arir.c».i^S€«.ar« 

I!.*. 


MSTtttm  ClftHMC  MK* 

AtfvvMQti  Qwor 


L  g  ft  g  M  D 

tltftTM*  tT««eT«>C4 
MJkMMt*  ftttlKTvKt  MUmrMt 
^  cwm  MUMOMIV  tMC 
^  CMMTT  LtMC 

iMIAaTWC 

—>  HWCf  WACrWMC 


CKCTVIC  1 


CWMH  LHOT  c*rc  CMCMCtCY  Ctir 

AM*  PCMMVTCm  TMAtC* 
»*H.  COMftCWMATKm  0AM 


m  Itaf  >A*4S*m. 

\i^1 

L...1 . xu>. 

J«  mmfM 

L^JgiL 

aoa  'rw 

\  ^  i 


:  of  FPV'i  from  aquation  basad  on  aalactad 
constant  shot  wal^t  of  500  Iba 


DAMAGE  LEVELS  FROM  GROUND  VIBRATIONS 


PPV 

IPS 

7.6—1 —  50%  PROBABILITY  OF  MAJOR  PLASTER  DAMAGE 


5.4— J —  50%  PROBABILITY  OF  MINOR  PLASTER  DAMAGE 


2 . 8  —\ —  THRESHOLD  OF  DAMAGE  FROM  CLOSE-IN  BLASTING 


1.0 - ALLOWABLE  VIBRATION  LIMIT 

n.S.  DEPARTMENT  OF  INTERIOR  OFFICE  OF  SURFACE  MIMING 
RECLAMATION  AND  ENFORCEMENT  30  CFR  PART  715 


0.02— H — PERCEPTIBLE  MOTION  LEVEL  TO  PEOPLE 


CHART  FROM  DUPONT  BLASTER'S  HANDBOOK,  16TH  ED.,  1977 
*  federal  register  VOL  48  NO.  46  MARCH  8,  1983 

Figure  22.  Chart  of  various  damage  levels  produced  from  ground  vibrations 
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PAO 

PSI 


AIR  BLAST  EFFECTS 


CONVENTIONAL  STRUCTURES  SEVERLY  DAMAGED 


MOST  WINDOWS  BREAK 


SOME  WINDOWS  BREAK 


ALLOWABLE  AIR  BLAST  LIMIT 

U.S.  DEPARTMENT  OF  INTERIOR  OFFICE  OF  SURFACE  MIMING 
RECLAMATION  AND  ENFORCEMENT  30  CFR  PART  715 


CHART  FROM  DOPONT  BLASTER'S  HANDBOOK,  16TH  ED.,  1977 
*  FEDERAL  REGISTER  VOL  48  NO.  46  MARCH  8,  1983 


Figure  23.  Chart  of  various  danage  levels  produced  from  air  blast 
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Particle  Velocity,  ips 


ALTERNATIVE  BLASTING  LEVEL  CRITERIA 


1  10  100 


Figure  25.  Detemination  of  elloweble  ground  vibration  liaits  uaing  the 
alternative  blasting  criteria  (source:  USBM  Rl*8507) 
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will  be  allowed.  The  OSM  has  established  the  following  peak  particle 
velocities  to  pi  event  the  occurrence  of  threshold  damage  and  has  set  such  as  a 
standard;  1.2S  ips  for  0-300  ft  from  source,  1.0  ips  for  distances  of  301  to 
5,000  ft  from  the  source,  and  0.75  ips  for  5,001  ft  and  beyond  from  the 
source. 

The  data  collected  at  the  NSWC  was  analyzed  to  produce  PSD’s  from 
which  the  peak  frequency  associated  with  the  various  blasts  could  be  deter¬ 
mined.  A  selected  sample  of  the  PSD’s  are  presented  in  Appendix  D.  These 
types  of  plots  are  normally  presented  as  a  function  of  the  velocity  squared 
divided  by  the  frequency  versus  the  frequency.  From  die  plots,  the  peak 
frequency  ranges  tom  10  to  40  Hz,  with  the  predominant  frequency  being 
tqiproximately  20  Hz  (more  like  quarry  or  construction  blasting).  Comparing 
this  value  with  the  data  on  Figure  25,  reveals  that  the  motions  are  well  below 
the  safe  limiting  criteria.  Ground  motions  having  a  frequency  content  of  20 
Hz  could  produce  peak  particle  velocities  of  1.3  ips  and  still  be  considered 
safe. 
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Conclusion 


An  investigation  to  detennine  the  attenuation  of  explosion  induced  ground 
motions  and  air  overpressures  as  a  function  of  distance  from  subsurface  deto¬ 
nated  charges,  and  to  develop  parameters  to  predict  motions  at  distances  be¬ 
yond  the  base  boundary  was  successfully  completed.  A  total  of  2SS  shots 
were  monitored  producing  3048  time  histories  of  ground  motions  recorded  in 
the  vertical,  radial,  and  transverse  directions,  in  addition  to  recording  air 
overpressures.  The  data  were  analyzed  for  peak  particle  velocities  and  peak 
air  overpressures,  dien  plotted  versus  scaled  range.  A  best  fit  line  was  put 
through  the  data  to  give  average  and  95%  non-exceedance  predictive  equations 
for  the  site  and  locations  off-site.  As  a  result  of  the  analysis,  the  following 
equations  are  recommended  for  use  in  predicting  ground  motions  and  air 
ovopressures. 

Ground  motion  predictions 
y„,  =  28.69  (  x  '^  )  EQN  6 

y  -  peak  particle  velocity,  ips 

X  -  scaled  range,  ft 

distance  from  shot  divided  by  square  root  of  shot  weight 

Air,  jyaprgarc  predictions 

y«,  =  65.74  (  x-‘^'  )  EQN  8 

y  -  peak  air  overpressure,  psi 

X  -  scaled  range,  ft 

distance  from  shot  divided  by  cubic  root  of  shot  weight 

In  addition  to  the  analysis  as  described  above,  the  data  wm  also  com¬ 
pared  to  the  alternative  blasting  source  criteria  utilizing  the  frequency  content 
of  the  motions.  This  analysis  also  revealed  that  foe  ground  motions  recorded 
at  foe  site  are  well  below  foe  safe  limiting  criteria. 
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Appendix  A: 


Table  of  Distances 
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Appendix  B:  Selected  Particle  Velocity  Versus  Tine  Records 
and  Air  Overpressure  Versus  Time  Records  for 


Stations  Monitored  at  the  NSVC 
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Appendix  C 


Plots  of  Peak  Particle  Velocities  and  Air 


Air  Overpressures  Versus  Scaled  Range 
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